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A b strac t
A se rie s  o f  r e a r in g  tr ia ls  in  sm a ll 1 L co n es a n d  la rg e  
ta n k s  o f  3 0 -1 0 0  L w e re  c a r r ie d  o u t  to develop o p ti­
m a l r e a r in g  te c h n iq u e s  fo r m u d  crab  {Scylla param a­
m osain) la rv ae . U sing w a te r  e x c h a n g e  (d isc o n tin u o u s  
p a r t ia l  w a te r  re n e w a l o r  c o n tin u o u s  tre a tm e n t  
th ro u g h  b io filtra tion ) a n d  m ic ro -a lg a e  (Chlorella  o r  
Chaetoceros) su p p le m e n ta tio n  (daily  su p p le m e n ta tio n  
a t  0 .1 -0 .2  m illio n  cells m L - 1  o r  m a in te n a n c e  a t 
1 - 2  m illio n s cells m L - 1 ), six  d iffe ren t ty p e s  o f  
r e a r in g  sy s tem s w e re  tried . T h e  c o m b in a tio n  o f  a  
g re e n -w a te r  b a tc h  sy s tem  for e a rly  s tages a n d  a  r e c ir ­
c u la t in g  sy s tem  w ith  m ic ro -a lg a e  su p p le m e n ta tio n  
fo r la te r  s ta g es re su lte d  in  th e  b es t overa ll p e rfo r­
m a n c e  of th e  c rab  la rv ae . N o c le a r  effects o f  crab  
s to c k in g  d e n s ity  (5 0 -2 0 0  la rv a e  L "  ^  a n d  ro tife r  
( 3 0 -6 0  ro tife rs  m L ~ 1) a n d  A rtem ia  d e n s ity  (1 0 -  
2 0  L - 1 ) w ere  observed . A  s to c k in g  d e n s ity  o f 
1 0 0 -1 5 0  zoea  1 (Z 1 )L ~ \ co m b in ed  w ith  ro tife r  
o f  3 0 -4 5  m L ~ 1 fo r e a rly  s ta g e s  a n d  A rtem ia  feed in g  
a t  1 0 -1 5  n a u p l i im L - 1 fo r Z 3 -Z 5  seem ed  to  p ro d u ce  
th e  b e s t p e rfo rm a n c e  o f  S. param am osain  la rvae . O p­
tim a l ra tio n s  fo r c ra b  la rv a e  sh o u ld , how ever, be  a d ­
ju s te d  d e p e n d in g  o n  th e  species, la rv a l stag e , la rv a l 
s ta tu s , p rey  size, r e a r in g  sy s tem  a n d  te c h n iq u e s . A 
p ra c tic a l feed in g  sc h e d u le  co u ld  b e  to in c re a se  live 
fo o d  d en s ity  from  30  to  45  ro tife rs  m L - 1 fro m  Z1 to  
Z2 a n d  in c re a se  th e  n u m b e r  o f A rtem ia  n au p lii  m L  - 1 
f ro m  10 to  15 fro m  Z3 to  Z5. B a c te ria l d ise ase  re m a in s  
o n e  o f  th e  key fa c to rs  u n d e r ly in g  th e  h ig h  m o r ta lity  
in  th e  zo ea  s tages. F u r th e r  r e s e a rc h  to  develop  safe  
p ro p h y lac tic  tr e a tm e n ts  is th e re fo re  w a rra n te d . C om ­
b in e d  w ith  p ro p e r  live food  e n r ic h m e n t tec h n iq u e s , 
ap p lic a tio n  o f  th e s e  fin d in g s h a s  su s ta in e d  a  su rv iv a l
ra te  from  Z1 to  c ra b  1 - 2  s ta g es in  la rg e  r e a r in g  ta n k s  
of 10-15%  (m a x im u m  30%).
Keywords: Scylla  param am osain , r e a r in g  te c h n i­
ques, w a te r  e x c h a n g e , m ic ro -a lg a e , la rv a l  density , 
life food density , p ro p h y la x is
Introduction
A q u a c u ltu re  o f m u d  c rabs. Scylla  spp., c o n tr ib u te s  a  
la rg e  p ro p o rtio n  to  t h e  w orld  p ro d u c tio n  o f  th e  g en u s 
(FAO1999). M oreover, m u d  c rabs r e p re se n t a  v a lu ab le  
co m p o n e n t o f sm a ll-sc a led  c o a s ta l f ish eries  in  m a n y  
c o u n tr ie s  in  tro p ica l a n d  su b tro p ic a l A sia, fo r w h ic h  
th e re  h a s  b een  a  g e n e ra l t re n d  of in c re a se d  ex p lo ita ­
t io n  in  re c e n t  y e a rs  (A ngeli 1992; K e e n a n  1999 a). In  
V ietnam , th e  m u d  c ra b  Scylla  param am osain  is th e  
se co n d  m ost im p o r ta n t  m a r in e  sp e c ies  n e x t  to 
sh rim p , be in g  c u l tu re d  w idely  in  th e  c o a s ta l a rea . 
However, m ud  crab  fa rm in g  c u r re n tly  re lies  e n tire ly  
o n  th e  w ild  fo r seed  s to c k  a n d  th e  m a in  ob stac le  for 
e x p a n s io n  is th e  u n av a ilab ility  o f h a tc h e ry -re a re d  
seed  (Liong 1992; R a tta n a c h o te  & D a n g w a ta n a k u l 
1992; K eenan  1999a; S helley  & Field 1999; M an n , 
A sakaw a, P izzuto , K een a n  & B rock 2001; X u an  
2001).
R e arin g  tech n iq u es , d ise ase  a n d  n u tr it io n  a re  th e  
th r e e  m a in  a re a s  of r e se a rc h  th a t  hav e  su p p o rte d  
co m m erc ia l p ro d u c tio n  o f  m a r in e  fish a n d  c ru s ta ­
c e a n  la rv a e  (Sorgeloos & L éger 1992). T h ese  th re e  a s ­
p e c ts  a re  to  a  large e x te n t  in te rc o n n e c te d  a n d  
develop ing  h a tc h e ry  te c h n iq u e s  fo r a  ‘n e w ’ species is 
n o t  possib le  u n le s s  all th e  a re a s  a re  add ressed . T h e
©  2007 The Authors
Journal Compilation ©  2007 Blackwell Publishing Ltd 1S39
Improved rearing  techniques for m ud crab larvae T  T  Nghia  et al. Aquaculture Research, 2007, 38, 1539-1553
d esig n  of r e a r in g  sy s te m s co v ers m o re  th a n  purely  
te c h n ic a l a sp ec ts . S n b -o p tim a l r e a r in g  co n d itio n s 
(e.g. p hysica l stress, la c k  o f  o x y g en  o r  su b -o p tim al 
w a te r  quality ) a ffec t la rv a l  h e a l th  a n d  c a n  cau se  
m ass m o r ta lity  d u e  to  d ise a se  o u tb re a k s . Similarly, 
sy s tem  d esig n  in f lu e n c e s  (live) food q u a lity  an d  its 
availab ility  to  th e  p re d a to r  la rv ae .
T h e re  h a s  b e e n  a  g re a t  d e a l o f  p ro g ress in  m arin e  
la rv a l r e a r in g  te c h n o lo g y  s in c e  its  b e g in n in g  in  th e  
1960s (S h e lb o u rn e  1964; H ow ell, Day, Ellis & B aynes 
1998). M a n y  o f  th e s e  te c h n ic a l  im p ro v e m e n ts  devel­
oped over th e  p a s t  d e c a d e s  c o u ld  be app lied  fo r m ud 
c ra b  w ith  so m e  m o d ifica tio n s . A n  o v erv iew  of th e  
r e a r in g  sy s tem s c u r re n tly  ap p lied  fo r la rv ic u ltu re  of 
m u d  c rab s  w a s  p re se n te d  b y  D avis (2003). A lth o u g h  
k n o w led g e  h a s  b e e n  o b ta in e d  fro m  th e se  system s, 
th e re  is a  n e e d  to  f u r th e r  o p tim iz e  r e a r in g  te c h n iq u e s  
in  o rd e r  to  m a x im iz e  la rv a l  su rv iv a l a n d  quality. 
F u rth e rm o re , te c h n iq u e s  s h o u ld  be  a d a p te d  fo r each  
Scylla  sp e c ies (K eenan , D av ie  & M a n n  1998; K eenan  
1999b) in  re la tio n  to  lo c a l  c o n d itio n s  (seaw ater 
sou rce , s ta tu s  o f  h a tc h e r y  m a n a g e m e n t, local 
resou rces). T h e  a im  o f  th is  r e s e a rc h  is to  a d a p t th e  
ex is tin g  r e a r in g  sy s te m s  fo r  la r v ic u l tu r e  to  m u d  crab  
species (S. param am osain  b e in g  th e  te s t  case) a n d  to 
im prove o th e r  te c h n iq u e s  in  o rd e r  to  m ax im ize  larval 
su rv iv a l a n d  quality .
M aterials an d  m e th o d s
Source o f  larvae
Gravid c rab s w ere  b o u g h t fro m  lo ca l m ark e ts  an d  
tra n sp o rte d  to  th e  hatch ery . B efore s to ck in g  in  th e  
hatchery , th e  c rab s w e re  su b je c ted  to  a  b a th  of 
100 p L L -1  o f  a  4 0 %  fo rm a lin  so lu tio n  fo r l h .  The 
c rabs w ere  s to ck ed  in d iv id u a lly  in  100  L co m p art­
m en ts  o f  a  roo fed  2  x  2  x  0.5 m  c e m e n t tank , 
equ ipped  w ith  a  biofilter. R e a rin g  w a te r  of 
30 ±  1 g  L “ 1 sa lin ity  w a s  d ilu te d  from  b r in e  (90— 
110 g  L "  x) w ith  ta p  w a te r  a n d  c h lo r in a te d  before use. 
A m bien t te m p e ra tu re  f lu c tu a te d  sligh tly  a ro u n d  
28 °C. E very c rab  w a s  fed a  d a ily  ra t io n  of 10 -1 5  g of 
fresh  m a r in e  squid , b ivalve o r  s h r im p  m e a t alternately.
A fte r 3 - 5  days o f  a c c lim a tio n , u n i la te r a l  ey es ta lk  
ab la tio n  w a s  ap p lied  to  in d u c e  sp a w n in g . A fter 
sp a w n in g , b e rrie d  c ra b s  w e re  a g a in  su b je c ted  to a 
100 pL L _ 1 fo rm a lin  b a th  fo r  1 h  a n d  tr a n s fe r re d  to a 
70  L p la s tic  t a n k  c o n n e c te d  to  a  b io filte r fo r egg in c u ­
batio n . D aily  m a n a g e m e n t c o n s is te d  o f  s ip h o n in g  o u t 
w aste  m a te r ia ls  a n d  sh e d d e d  eg g s fro m  th e  ta n k  bo t­
to m  a n d  c o n tro llin g  th e  te m p e ra tu re  (30 °C), sa lin ity
(30 g L - 1 ) a n d  a m m o n ia  a n d  n i t r i te  levels. E very 
o th e r  day, th e  c rab s w e re  p laced  in  a  50  p L L - 1  for­
m a lin  b a th  for 1 h  to  r e d u c e  o r  p re v e n t in fe s ta tio n  of 
th e  eggs w ith  fu n g i a n d  b a c te r ia . D u r in g  eg g  in c u b a ­
tion , th e  c rab s w e re  n o t  fed.
O ne to  tw o  days before h a tc h in g , th e  berried  
fem ale  w a s  m oved  to  a  5 0 0  L fib reg lass ta n k . W h en  
th e  h a tc h in g  p ro cess  w a s  co m p le ted , la rv a e  w ere 
se lec ted  b a se d  o n  th e i r  p h o to ta c tic  b eh av io u r. A era­
tio n  in  th e  h a tc h in g  ta n k  w a s  t u r n e d  off fo r  severa l 
m in u te s  a n d  th e  ac tiv e  la rv a e  sw im m in g  u p  to  th e  
su rface  w e re  co llec ted  by  g e n tle  sco o p in g .
T h e  la rv a e  w ere  th e n  t r a n s fe r re d  to  th e  re a r in g  
c o n ta in e rs . A cc lim atio n  w a s  p e rfo rm e d  by  p lac ing  
th e  la rv a e  in  a  50  L p las tic  m e sh  b u c k e t a n d  slow ly 
r in s in g  th e m  w ith  w a te r  fro m  th e  la rv a l  r e a r in g  co n ­
ta in e r s  fo r  2 0 - 3 0  m in  before re lease .
Food and  feed ing
M icro-algae cu lture
S ta r tin g  c u ltu re s  o f  th e  m ic ro -a lg a e  Chaetoceros calci­
trans  a n d  Chlorella vulgaris w e re  m a in ta in e d  in d o o rs 
w ith  W alne  so lu tio n  in  s e a w a te r  o f 30  g L “ 1 a t  25 °C. 
L arg e -sca le  p ro d u c tio n  w a s  p e rfo rm e d  in d o o rs  in  
5 00  L ta n k s  u n d e r  a  tr a n s p a re n t  roof. A  h aem o cy t-  
o m e te r  w a s  u se d  to  c o u n t m ic ro -a lg a l densities .
R otifer cu ltu re  and enrichm ent
T h e  sa m e  B rachionus p licatilis  L -s tra in  w ith  a  lo ric a  
le n g th  a n d  w id th  o f 164  ±  2 2  a n d  1 2 0  ±  22  pm , re ­
spectively, w a s  u se d  in  a ll th e  ex p e rim e n ts . R otifers 
w ere  c u l tu r e d  in d o o rs  in  100  L fib reg lass ta n k s  oper­
a ted  in  a  b a tc h  m ode, fo llo w in g  th e  p ro c e d u re  d e­
sc rib ed  in  S orge loos a n d  L avens (1996). R o tifers w ere  
in itia lly  g ro w n  o n  b a k e rs  yeast, b u t  la te r  o n  fed 
C u ltu re  S e lc o ' (INVE A q u a c u ltu re , D en d erm o n d e  
B elgium ) b efo re  feed in g  to th e  la rv ae . T em p era tu re  
a n d  sa l in i ty  w ere  co n tro lle d  a t 25 °C a n d  2 5 g L _1 
respectively. T h ey  w e re  h a rv e s te d  th r o u g h  a  6 0  p m  
sc re e n  a n d  r in se d  tho ro u g h ly .
R otifers w ere  e n r ic h e d  w ith  m ic ro -a lg a e  o r  a rtifi­
c ial e n r ic h m e n t  m e d ia  before b e in g  fed to  th e  crab  
larvae . E n ric h m e n t w ith  Chlorella w as p e rfo rm e d  at 
a  d en s ity  o f  5 x  IO6 cells m L ~ 1 fo r 3 h  (D h ert 1996). 
R otifers w e re  a lso  e n r ic h e d  w ith  D ry  Im m u n e  Selcoa 
(DIS ", INVE A q u acu ltu re ) , u s in g  tw o  se p a ra te  doses 
o f  0.05 g L “ 1 a t  a  3 -h  in te rv a l. E n ric h m e n t w a s  per­
fo rm ed  a t  a  d e n s ity  o f  5 0 0  ro tife rs  mL - 1 . T h e  w a te r  
in  th e  e n r ic h m e n t v esse l w a s  slow ly  h e a te d  to
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Table 1 Overview of larval rearing systems applied in th is study based on the m ethod  of w ater exchange and micro-algae 
supplementation
W ater e x c h a n g e
A lg a e  su p p lem en tation
D isco n tin u o u s m anual 
partial w ater ren ew al
C o n tin u o u s  w ater  
trea tm en t through th e  
u s e  o f a  biofilter
No micro-algae supplem ented (indoors) Clear-Batch system Clear-Recirc system
Micro-algae supplem ented a t  low levels to provide 
extra food for live preys (Indoors or outdoors)
Algae-Batch system Algae-Recirc system
Micro-algae supplem ented a t a  high concentration 
and  self-sustainable under natural sunlight a s  an 
extra food for live prey  and w ater conditioning (outdoors)
Green-Batch system G reen-Recirc system  
(Combination of Green-Batch and 
Algae-Recirc system  a t early and late 
larval s ta g e s  respectively)
2 9 -3 0  °C to avoid ex p o s in g  th e  ro tifers to  th e rm a l 
sh o c k  w h e n  th e y  w ere  ad d e d  to  th e  la rv a l r e a r in g  
ta n k s . Before b e in g  fed to  th e  la rv ae , e n r ic h e d  ro tifers 
w ere  r in se d  a n d  re -su sp e n d e d  in  c le a n  se a w a te r  a t 
th e  sam e te m p e ra tu re  a s  th e  c ra b -re a r in g  tan k s .
A rtem ia  cu ltu re  and enrichm ent
A rtem ia  n au p lii  (V inh C h a u  s tra in )  w ere  h a tc h e d  as 
d esc rib ed  by V an S ta p p e n  (1996). B o th  n e w ly  h a tc h e d  
o r  e n r ic h e d  A rtem ia  n au p lii  w e re  u se d  in  th e  ex p eri­
m e n ts  o f th is  study. A rtem ia  w e re  e n r ic h e d  w ith  
Chaetoceros in  th e  sa m e  m ic ro -a lg a l d en s ity  as fo r ro ­
tife r  e n r ic h m e n t. T h e  n a u p lii  w e re  a lso  e n ric h e d  w ith  
DIS “ (u sin g  tw o  s e p a ra te  d o se s  o f  0.3 g  m L  “ 1 a t a  6 -h  
in terval). W ater t e m p e ra tu re  a n d  sa lin ity  w ere  m a in ­
ta in e d  a t 30  °C a n d  30  g  L ~ \  respectively, d u r in g  
A rtem ia  e n r ic h m e n t.  T h e  d e n s ity  o f A rtem ia  d u r in g  
e n r ic h m e n t w a s  2 0 0 m L - 1 . Before feed in g  to th e  
c ra b  larvae , th e  A rtem ia  w e re  r in se d  w ith  d isin fec ted  
se a w a te r  a n d  s u s p e n d e d  a t  a  k n o w n  d en s ity  in  
seaw ater.
Feeding
R otifers w ere  fed to  th e  c ra b  la rv a e  from  0  to  6 days 
a f te r  h a tc h  (DAH 0 - 6 )  [ ro u g h ly  c o rre sp o n d in g  to  
zo ea  1 (Z l)-Z 2  stages]. N ew ly  h a tc h e d  A rtem ia  o r  
A rtem ia  m e ta -n a u p lii w e re  o ffered  from  DAH 6  (Z3 
stage) o n w ard s. R otifers a n d  A rtem ia  w e re  add ed  
d a ily  a t 3 0 -4 5  a n d  5 - 1 0 m L -1  to  th e  r e a r in g  ta n k  
respec tive ly  (e x p e r im e n ts  1, 2, 3, 4, 7 a n d  8). For 
ex p e r im e n ts  5 a n d  6, live feed  w ere  fed a t  th e  
re q u ire d  p rey  d e n s itie s  b a s e d  o n  th e  p la n n e d  
tre a tm e n ts . W h e n e v e r  th e  c ra b  la rv a e  w ere  fed e n ­
r ic h e d  live feed, a lg a e -  o r  DIS -e n ric h e d  live feed 
w ere  u se d  o n  a l te rn a te  days.
Larval rearing exp erim ents: objectives and  
experim enta l d esign
In  ex p e r im e n ts  1 ,2  a n d  3, th e  effect o f  d ifferen t w a te r  
ex c h a n g e  sc h e m e s  a n d  th e  a d d itio n  o f m ic ro -a lg ae  
o n  la rv a l su rv iv a l  a n d  d ev e lo p m en t w ere  ev aluated . 
In  ex p e r im e n ts  4 - 8 ,  o th e r  c u l tu r e  a sp e c ts  su c h  as 
Z1 s to c k in g  density , live food d e n s ity  a n d  th e  effect of 
d ifferen t p ro p h y la c tic  t r e a tm e n ts  w e re  investiga ted . 
T h e  w a te r  q u a lity  m a n a g e m e n t sc h em es te s te d  in  ex­
p e r im e n ts  1 - 3  a re  su m m a r iz e d  in  Table 1. A n  over­
v iew  of th e  e x p e r im e n ta l  d es ig n  a n d  c u ltu re  
co n d itio n s  o f  a ll th e  e x p e r im e n ts  is p re se n te d  in  
Table 2. T h e  sm a ll-sc a le  e x p e r im e n ts  ( 1 -3 0  L) w ere  
c a r r ie d  o u t  in  a  te m p e ra tu re -c o n tro lle d  ro o m  
(2 8 -3 0  °C). T h e  e x p e r im e n ts  in  100  L ta n k s  w ere 
pe rfo rm ed  o u td o o rs  a t a m b ie n t te m p e ra tu re  (2 7 -  
31 °C). T h e  so u rc e  a n d  th e  d is in fe c tio n  p ro c e d u re  of 
th e  s e a w a te r  fo r  la rv a l  r e a r in g  w e re  s im ila r  to  th o se  
u se d  for b ro o d sto ck  re a r in g . F o rm a lin  a t a  c o n c e n tra ­
tio n  o f 20  pL L ~ 1 w as a p p lied  every  o th e r  d a y  a s  a  
p ro p h y lac tic  t r e a tm e n t  in  e x p e r im e n ts  1 -6 .
E xperim en t 1
L arval su rv iv a l a n d  g ro w th  in  a  c le a r  w a te r  sy s tem  
w ith  d a ily  p a r t ia l  w a te r  e x c h a n g e  (C lear-B atch) w as 
co m p ared  w ith  th o se  in  a  c le a r  w a te r  re c irc u la tin g  
sy s tem  (C lear-R ecirc). In  t h e  firs t r e a r in g  system ,
3 0 -5 0 %  o f  th e  w a te r  w as rep laced  daily. In  t h e  re c ir ­
c u la tin g  sy s tem , a ll r e a r in g  ta n k s  w ere  c o n n e c te d  to 
a  c e n tra l  biofilter. W ater w a s  re c irc u la te d  a t  a  ra te  o f 
ap p ro x im a te ly  100%  o f  th e  t a n k  vo lu m e every  3 - 4  h. 
Live food a n d  c rab  la rv ae  w ere  re ta in e d  in  th e  re a r in g  
ta n k s  w ith  b y  a  m e sh  sc re e n  o f  70  a n d  3 0 0  p m  d u r ­
in g  th e  ro tife r  a n d  A rtem ia  feed in g  s ta g e  respectively. 
L arg er m e sh  sc re e n s  (250 a n d  5 0 0 -1 0 0 0  p m  for ro ti­
fer a n d  A rtem ia  s ta g e  respectively ) a n d  h ig h e r  flow
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ra te s  w e re  u se d  u p o n  daily  flu sh in g  o u t  o f  u n e a te n  
live food a n d  w aste .
E xp erim en t 2
A  C lear-R ecirc  sy s te m  w a s  co m p ared  w ith  tw o  
sy s te m s w h e re  m ic ro -a lg a e  w ere  added. R e a rin g  c o n ­
d itio n s  fo r  th e  C lear-R ecirc  sy s tem  w ere  s im ila r  to  
th o s e  d esc rib ed  in  e x p e r im e n t 1. I n  th e  A lgae-R ec irc  
sy s tem , m ic ro -a lg a e  w ere  ad d ed  daily  to  th e  r e c irc u ­
la tin g  sy s tem  a t  a  lo w  c o n c e n tra tio n  ra n g in g  from  0.1 
to  0.2  m illio n  cells m L  ~ \  T h e  o p e ra tio n  o f th e  r e a r ­
in g  ta n k s  w a s  s im ila r  to  th e  C lear-R ecirc tre a tm e n t. 
I n  th e  G reen -B atch  tre a tm e n t, a  c lassica l ‘g re e n -  
w a te r ’system , m ic ro -a lg a e  co n c e n tra tio n s  in  th e  c u l­
t u r e  ta n k s  w e re  kep t a t  a  ten fo ld  h ig h e r  level o f 
1 - 2  m illio n  ce lls m L - 1 . In  th is  system , th e  c u ltu re  
ta n k s  w e re  in itia lly  o n ly  filled to  50% o f  th e i r  c a p a ­
c ity  a n d  g ra d u a lly  in c re a se d  to  100%  by th e  en d  of 
t h e  Z2 s ta g e  b y  a d d in g  w a te r  a n d  a lg ae  daily. L a te r  
o n , 1 0 -3 0 %  o f  th e  r e a r in g  w a te r  w as rep laced  d a ily  
by  c le a n  s e a w a te r  a n d /o r  algae, d ep en d in g  o n  th e  
d e n s ity  o f m ic ro -a lg a e  re m a in in g  in  th e  r e a r in g  
ta n k s . U pon  w a te r  ex ch an g e , u n e a te n  live food w as 
a lso  f lu sh ed  o u t  th ro u g h  a  m e sh  sc re e n  (m esh  sizes 
a s  d e sc rib e d  in  e x p e r im e n t 1). T h e  sa m e  a m o u n t of 
live food  (3 0 -4 5  ro tife rs  mL “ 1 a n d  5 -1 0  A rtem ia  
n a u p lii  m L  ~ L) w as fed in  a ll th e  tre a tm e n ts . I n  th e  
sy s tem s u s in g  a lgae , Chlorella w as u se d  fo r  Z 1-Z 3  
s ta g es (w h ich  is u n su ita b le  a s  a  food so u rc e  for 
Artem ia); from  Z4 o n w ard s . Chlorella w as g ra d u a lly  
re p la c e d  w ith  Chaetoceros.
E xp erim en t 3
In  th is  e x p e r im e n t, a  G reen -B atch  a n d  a G reen-R ecirc 
sy s te m  w e re  s e t  u p  in  o rd e r  to fu r th e r  e v a lu a te  th e  
a p p lic a tio n  o f  m ic ro -a lg a e  o n  th e  p e rfo rm a n c e  of 
c ra b  la rv ae . T h e  f irs t r e a r in g  sy s tem  w a s  a  b a tc h  sy s­
te m  w i th  a d d itio n  o f  h ig h  co n c e n tra tio n s  o f a lg a e  as 
d e sc rib e d  in  e x p e r im e n t 2. T h e  seco n d  sy s tem  c o n ­
s is te d  o f  a  c o m b in a tio n  o f  th e  G reen -B atch  sy stem  
for e a r ly  c ra b  s ta g e s  (Z1-Z2) a n d  a  A lgae-R ecirc  sy s­
te m  for la te r  s ta g e s  (Z3 onw ards).
E xp erim en ts  4 - 6
In  th e s e  e x p e r im e n ts , th e  effect o f  Z1 s to c k in g  d en s ity  
(50, 100, 150 a n d  2 0 0  L ~ \  e x p e r im e n t 4), ro tife r 
feed in g  d e n s itie s  a t  30, 4 5  a n d  6 0 m L - 1  fo r Z 1-Z 2  
(e x p e r im e n t 5) a n d  A rtem ia  densities  a t 10, 15 a n d  
2 0  m L  “ 1 fo r  Z3 o n w a rd s  (ex p e rim en t 6) w a s  ev a lu ­
a ted . T h e se  e x p e r im e n ts  w e re  r u n  in  a  G reen -B atch
(e x p e rim en t 4) o r  a  C lear-R ecirc  sy s te m  (ex p e rim en ts  
5 a n d  6) as d e s c r ib e d  above.
E xperim en t 7
In  e x p e r im e n t 7, t h e  effect o f p ro p h y lac tic  c h e m ic a ls  
o n  th e  su rv iv a l o f  t h e  la rv ae  w as in v es tig a ted . T h re e  
tre a tm e n ts , c o n s is t in g  o f  a  c o n tro l (no ch em ica ls  
used), da ily  a d d i t io n  o f  fo rm a lin  a t  2 0  pL L ~ 1 a n d  d a i­
ly  a d d itio n  o f O x y te tracy c lin e  a t 10 m g  L “  \  w e re  r u n  
in  1 L p las tic  co n es . A ll co n es  w ere  p laced  in  a  w a te r  
b a th  in  o rd e r  to  m a in ta in  th e  r e a r in g  te m p e ra tu re  a t 
30  °C. W ater w as re p la c e d  a lm o s t co m p le te ly  daily. 
U pon  w a te r  e x c h a n g e , th e  su rv iv a l w a s  d e te rm in e d .
E xperim en t 8
To avoid th e  u se  o f d r u g s  a s  a  p rophy lax is, d ire c t o z o ­
n a tio n  o f th e  c u l tu r e  ta n k s  w a s  te s te d  in  a e ra te d  1 L 
p las tic  cones. O zone ( 0 3) w a s  in je c te d  d irec tly  v ia  a n  
a ir s to n e  in to  ev e ry  la rv a l  r e a r in g  eo n e  u p o n  c h a n ­
g in g  w a te r  a n d  feed  daily. S ix tr e a tm e n ts  w ith  th re e  
rep lica tes  w ere  a r ra n g e d  c o n s is tin g  o f  a  co n tro l 
(w ith o u t 0 }  ap p lica tio n ) a n d  0 3 in je c tio n  fo r  2, 4, 6, 
8 a n d  10 m in  (e q u iv a le n t to a  re s id u a l 0 3 level in  th e  
w a te r  o f 0 ,06 ,0 ,12 ,0 .15 ,0 .17  a n d  0.19 m g  L " 1 as m e a ­
su re d  by  a  te s t  k it  u p o n  f in ish in g  th e  in jec tion ). O th e r  
r e a r in g  c o n d itio n s  a n d  d a ily  m a n a g e m e n t w ere  sim i­
la r  to  th o se  d esc rib ed  fo r  e x p e r im e n t 7.
Evaluation criteria
T h e  su rv iv a l ra te s  in  th e  e x p e r im e n ts  u s in g  la rg e  
(3 0 -1 0 0  L) c o n ta in e rs  (ex p e rim en ts  1 - 6 )  w ere  es ti­
m a te d  by v o lu m e tric  sa m p lin g . D e p en d in g  o n  th e  
t a n k  vo lu m e a n d  th e  d e n s ity  o f th e  su rv iv in g  larvae , 
tr ip lica te  3 0 0 -1 0 0 0  m L  sam p les w ere  ta k e n  from  
e a c h  ta n k . M egalopae  (M) (DAH 1 5 -1 8 ) a n d  first 
c ra b s  (C l) (DAH 22) w e re  c o u n te d  indiv idually . In  ex­
p e r im e n ts  7 a n d  8 (u s in g  sm a ll cones), th e  average  
su rv iv a l ra te  w a s  c a lc u la te d  by in d iv id u a lly  c o u n tin g  
a ll su rv iv in g  la rv a e  in  e a c h  replicate.
L arv a l developm en t w a s  m o n ito re d  every  3 days 
b u t  d a ily  in  ex p e r im e n ts  7  a n d  8 by  id e n tify in g  th e  
av e rag e  zo ea l in s ta r  s ta g e  o f  a  sa m p le  o f  la rv a e  a n d  
a s s ig n in g  i t  a  value: Z1 = 1 ,  Z2 =  2, etc. M egalopa 
s ta g e  w a s  a ss ig n ed  a v a lu é  o f 6. To c o m p a re  th e  la rv a l 
d ev e lo p m en t in  e a c h  t re a tm e n t, a n  average  la rv a l 
s ta g e  in d ex  (LSI) w as c a lc u la te d  from  th e  average  
LSI v a lu e  o f a ll rep lica te  c o n ta in e rs  in  th e  sa m e  tre a t­
m en t. For large c o n ta in e rs  (ex p erim en ts  1 -6 ), five o r 
10 la rv a e  (in 30  an d  100 L ta n k s  respectively) w ere
©  2007 The Authors
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T able 3 Experiment 1: survival rates and larval stage index (LSI) values of Scylla paramamosain larvae cultured in two differ­
ent rearing  systems
D ays after ha tch
Treatm ent 3 6 9 12 15 18
Survival rate (%)*
Clear-Batch 85 ±  6a 79 ±  9a 70 ±  6a 64 ±  7a 42 ±  6b 32 ±  5b
Clear-Recirc 84 ±  4a 78 ±  8a 72 ±  5a 70 ±  5a 63 ±  9a 47 ±  6a
LSI’
Clear-Batch 1.5 ±  0.2a 2.7 ±  0.1a 3.5 ±  0.4a 4.0 ±  0.0a 4.6 ±  0.2a ND
Clear-Recirc 1.5 ±  0,2a 2.7 ±  0.1a 3.6 ±  0.3a 4.2 ±  0.3a 4.8 ±  0.1a ND
’ Survival rates or LSI values in  the same column followed by the same superscript letter are not statistically different (P >  0.05). 
For treatm ent descriptions, refer to Table 1.
ND, not determined.
sa m p le d  fro m  e a c h  t a n k  to  c a lc u la te  th e  av erag e  LSI. 
T h e  sa m p le d  la rv a e  w ere  s ta g e d  u n d e r  a  d issec tin g  
m icro sco p e . In  e x p e r im e n t 8, u s in g  sm a ll c o n ta in e rs , 
a ll la rv a e  w e re  s ta g e d  v isu a lly  u p o n  c o u n tin g  daily  
su rv iv a l.
I n  th is  re se a rc h , six  la rv a l r e a r in g  sy s tem s w ere  
app lied  fo r th e  ex p e rim en ts . E ach  r e a r in g  sy s tem  
h a d  its  o w n  fea tu re s, i.e. w a te r  q u a lity  a n d  ‘e a se  of 
o p e ra tio n ’. T here fo re , th e se  fe a tu re s  in  co m b in a tio n  
m a d e  u p  a  tre a tm e n t  a s  a  ty p e  o f  r e a r in g  system . T hey  
w ere  n o t  c o n s id e re d  a s  variab les.
S tatistica l analysis
O ne-w ay  a n a ly s is  o f v a r ia n c e  (anova) w as u se d  to 
co m p a re  d a ta . H o m o g en e ity  o f v a r ia n c e  w a s  te s te d  
w ith  th e  L evene s ta tis tic  (P o r  a  v a lu e  w a s  se t a t 
0.05). If n o  s ig n if ic a n t d ifferences w e re  d e te c te d  b e ­
tw e e n  th e  v a r ia n c e s , th e  d a ta  w e re  su b m itte d  to  a 
on e -w ay  an o v a . T ukey 's h o n e s tly  s ig n if ic a n t differ­
e n c e  p o s t h o c  a n a ly s is  w a s  u se d  to  d e te c t d ifferences 
b e tw e e n  m e a n s  a n d  to  in d ic a te  a r e a s  o f  s ig n if ican t 
d ifference. I f  s ig n if ic a n t d ifferences w ere  d e tec ted  
b e tw e e n  v a r ia n c e s , d a ta  w ere  t ra n s fo rm e d  u s in g  th e  
a rc s in e -s q u a re  r o o t  (for p e rc e n ta g e  d a ta , i.e. su rv iv a l 
ra te ) o r  lo g a r i th m ic  tr a n s fo rm a tio n s  (for LSI value) 
(Sokal & R o h lf  1995). A ll a n a ly se s  w e re  p e rfo rm e d  
u s in g  th e  s ta tis tic a l p ro g ra m  s t a t i s t i c a  6.0.
R esults
E xperim ent 1
S urv iva l in  th e  C lear-R ecirc  sy s te m  a t  Z 4 -Z 5  stages 
o n  DAH 15 a n d  in  th e  m eg a lo p a  s ta g e  o n  DAH 18 
w a s  s ig n if ican tly  h ig h e r  t h a n  th o se  in  th e  C lear-
B a tch  sy s te m  (b o th  a t  P  <  0.01) (Table 3). A lth o u g h  
slig h tly  h ig h e r  in  th e  r e c irc u la tin g  system , LSI w as 
n o t  s ig n if ican tly  d ifferen t b e tw e e n  tre a tm e n ts . T h e  
b e tte r  la rv a l  p e rfo rm a n c e  in  th e  C lear-R ecirc  sy s tem  
w a s  a c c o m p a n ie d  by  s ig n if ic a n tly  lo w e r average  
a m m o n ia  levels (P cO .O l) a n d  s lig h tly  lo w er n itr i te  
levels (see Table 2).
Experim ent 2
O n DAH 9, la rv a l su rv iv a l in  th e  C lear-R ecirc  sy s tem  
w as s ig n if ican tly  lo w er (P <  0.05) t h a n  in  b o th  tre a t­
m e n ts  w ith  m ic ro -a lg a e  su p p le m e n ta tio n  (A lgae-Re­
c irc  a n d  G reen -B atch  sy s tem s) (Table 4). O n  DAH 12, 
su rv iv a l in  th e  C lear-R ecirc  tr e a tm e n t w a s  lo w e r  
(P <  0.05) t h a n  in  th e  A lgae-R ec irc  system , w h e re a s  
th e  G reen -B atch  sy stem  h a d  in te rm e d ia te  resu lts . 
T h e  LSI v a lu e s  o n  DAH 15 s h o w  a s im ila r  trend , 
a lth o u g h  n o t  s ig n ifican tly  d ifferent.
T h e  av erag e  levels o f  a m m o n ia  a n d  n i t r i te  in  th e  
C lear-R ecirc  a n d  A lgae-R ec irc  sy s tem s w e re  signifi­
c a n tly  lo w e r (P <  0.01) t h a n  th o s e  in  th e  G reen -B atch  
sy s tem  (see Table 2). I n  th e  G reen -B atch  system , 
p eaks o f  a m m o n ia  a n d  n itr i te  c o n c e n tra tio n s  o f  3 
a n d  1 m g  L "  \  respectively, w ere  reco rd ed  a t  th e  en d  
o f  th e  e x p e r im e n t.
Experim ent 3
Table 5 p re se n ts  th e  la rv a l p e rfo rm a n c e  o f  th e  crab  
la rv a e  c u ltu re d  in  tw o  r e a r in g  system s. T h e  su rv iv a l 
ra te s  a n d  LSI v a lu es  o f b o th  r e a r in g  system s w ere  n o t 
sig n ifican tly  d ifferen t. H ow ever, th e  su rv iv a l ra te s  on  
la te r  days (from  DAH 1 2 -2 2 )  in  th e  G reen-R ecirc sys­
tem  te n d e d  to  be h ig h e r  t h a n  th o se  in  th e  G reen- 
B a tch  system . T h e  b io filter h a d  a  positive im p a c t on
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T able  4  Experiment 2: survival rates and larval stage index (LSI) values of Scylla paramamosain larvae cultured in three 
different rearing systems
Treatm ent
Days a fte r  hatch
3 6 9 12 15
Survival rate (%)*
Clear-Recirc 74 ±  12a 63 ±  7a 44 ±  6b 26 ±  11b 8 ±  7 a
Algae-Recirc 74 ±  12a 63 ±  9a 61 ±  7a 43 ±  7a 15 ±  8a
Green-Batch 74 ±  11a 67 ±  9a 58 ±  9a 35 ±  9ab 13 ±  6a
LSI*
Clear-Recirc 1.9 ±  0.1a 2 ,7 ±  0 .2a 3.9 ±  0.1a 5.0 ±  0.1a 5.1 ±  0.1b
Algae-Recirc 2.0 ±  0.1a 2 .8 ±  0.3a 4 .0 ±  0.1a 5.0 ±  0.1a 5.6 ±  0.2a
Green-Batch 2.0 ±  0.1a 2 .8 ±  0.2a 4 .0 ±  0.1a 5 .0 ±  0.1a 5.1 ±  0.1ab
‘ Survival rates or LSI values in the same column followed by the same superscript letter are no t statistically different (P > 0.05). 
For treatment descriptions, refer to Table 1.
T able 5 Experiment 3: survival rates and larval stage index (LSI) values of Scylla paramamosain larvae cultured in two dif­
ferent rearing systems
Days after ha tch
TVeatment 3 6 9 12 15 22
Survival rate (%)*
Green-Batch 94 ±  6a 88 x  9a 80 ±  3a 66 ±  15a 44  ±  20a 9 ±  1a
Green-Recirc 94 ±  6a 89 ±  8a 80 ±  5a 68 ±  11a 56 ±  11a 12 ±  3a
LSI*
Green-Batch 1.4 ±  0.3a 2.7 ±  0.1a 3.8 ±  0.4a 5.0 ±  0 .0a 5.2 ±  0.2a ND
Green-Recirc 1.4 ±  0.2a 2.6 ±  0.2a 3.9 ±  0.3a 5.0 ±  0.0a 5.3 ±  0.1a ND
‘Survival rates or LSI values in the same column followed by the same superscript letter are not statistically different (P >  0.05). 
For treatment descriptions, refer to Table 1.
ND, not determined.
th a t  LSI w a s  a lw a y s  th e  lo w es t in  tr e a tm e n t 
30  ro tife rs  m L ” 1 a n d  th e  h ig h e s t in  tr e a tm e n t 
6 0  ro tife rs  m L  "  \
E xperim ent 6
Table 8 p re se n ts  th e  s u rv iv a l  a n d  d ev e lo p m en t ra te  o f 
c ra b  la rv a e  fed A rtem ia  n a u p lii  a t  th re e  d en s itie s  (10, 
15 a n d  20  m L  “ :) fro m  th e  Z3 s ta g e  o n w ard s. No sig­
n if ic a n t d ifferences w e re  o b se rv ed  b e tw e e n  th e  t r e a t­
m en ts . T h e re  seem ed, how ever, to  be  a  w e a k  tre n d  
to w a rd s  h ig h e r  su rv iv a l  a n d  LSI w ith  in c re a s in g  
A rtem ia  d en s ity  to w a rd s  th e  e n d  o f  th e  tria l.
Experim ent 7
Table 9 sh o w s th e  su rv iv a l a n d  dev e lo p m en t ra te  to 
th e  m eg a lo p a  s ta g e  (DAH 22) o f  la rv a e  rece iv in g  dif­
fe re n t p ro p h y lac tic  tre a tm e n ts . F rom  DAH 6 on ­
w ards, th e  su rv iv a l ra te  o f  la rv a e  in  th e  tre a tm e n t
w a te r  q u a lity  in  t h e  se c o n d  p a r t  o f th e  ex p e rim en t, 
w ith  s ig n if ican tly  re d u c e d  a m m o n ia  (P < 0 .0 5 )  an d  
n i t r i te  (PcO .O l) c o n c e n tra t io n s  as a  c o n se q u e n c e  
(seeT able 2).
Experim ent 4
Table 6 sh o w s th e  su rv iv a l a n d  dev e lo p m en t r a te  of 
crab  la rv a e  s tocked  a t  fo u r  d iffe ren t Z1 d en s itie s  (50, 
100, 150 a n d  2 0 0  L -  *). T h e  su rv iv a l ra te s  w e re  n o t 
s ig n if ican tly  d iffe ren t a m o n g  tre a tm e n ts . O n ly  on  
DAH 6 w as a  n eg a tiv e  c o r re la tio n  b e tw een  LSI an d  
la rv a l d e n s ity  observed .
Experim ent 5
T able 7  sh o w s th e  su rv iv a l  r a te s  a n d  th e  LSI v a lu e s  o f 
c rab  la rv a e  fed th r e e  d iffe ren t ro tife r  d en s ities  in  th e  
Z 1 -Z 2  stages. N o s ig n if ic a n t d ifferences w ere  fo u n d  
for a n y  of th e  p a ra m e te rs . I t  c a n , how ever, be n o ticed
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T able 6  Experiment 4: survival rates and larval stage index (LSI) values of Scylla paramamosain la rvae  stocked at four differ­
en t 21 densities (21L ~*)
T reatm ent
D ays after hatch
3 6 9 12 15 22
Survival ra te  (%)*
50 79 ±  9a 56 ±  19a 42 ±  16a 31 ±  17a 2 8  ±  12a 4  ±  6a
100 80 ±  T 74 ±  6a 71 ±  10a 56 ±  11a 4 5  ±  8a 5 ±  4a
150 79 ±  2a 57 ±  12a 45 ±  9a 31 ±  12a 28  ±  10a 5 ±  1a
200 85 ±  5a 53 ±  17a 42 ±  8a 34 ±  3a 30  ±  5a 5  ±  1a
LSI’
50 1.7 ±  0.23 3.0 ±  0.1a 3 .9 ±  0.1a 5.0 ±  0.1a ND ND
100 1.8 ±  0.1a 3.0 ±  0.1ab 4.0 ±  0.0a 5.0 ±  0.1a ND ND
150 1.8 i  0.2a 3.0 ±  0.1ab 3.9 ±  0.2a 5.0 ±  0.1a ND ND
200 1.8 ±  0.2a 2.7 ±  0.1b 3.7 ±  0.2a 4.8 ±  0.1a ND ND
’ Survival rates or LSI values in  the same column followed by the same superscript letter are not statistically different (P > 0.05). 
ND, not determined.
Table 7  Experim ent 5: survival rates and larval stage index (LSI) values o f Scylla paramamosain larvae-fed three different 
rotifer densities (rotifers mL ~ ) from day 0  to day 6 after hatch
T reatm ent
Days after hatch
3 6 9 12 15
Survival rate (%)*
30 89 ±  I a 53 ±  10a 30 ±  8a 13 ±  7a 10 ±  7a
45 87 ±  6a 58 ±  9a 35 ±  7a 18 ±  9a 14 ±  8a
60 87 ±  5a 55 ±  7a 32 ±  6a 16 ±  11a 11 ±  10a
LSI*
30 1.8 ±  0.2a 2.7 ±  0.1a 3.6 ±  0.2a 3.8 ±  0.2a 4.0 ±  0.4a
45 1.8 ±  0.2a 2.8 ±  0.2a 3.8 ±  0.1a 3.9 ±  0.1a 4.3 ±  0.5a
60 1.8 ±  0.2a 2.8 ±  0.2a 3.8 ±  0.2a 4.0 ±  0.1a 4.4 ±  0,5a
’ Survival rates or LSI values in  the same column followed by the same superscript letter are not statistically different (P >  0.05).
u s in g  an tib io tic s  w a s  s ig n if ican tly  h ig h e r  th a n  th o se  
in  th e  r e m a in in g  tre a tm e n ts . T h e  s u rv iv a l ra te s  o f th e  
c o n tro l a n d  fo rm a lin  t r e a tm e n ts  w ere  s im ila r  on 
m o s t days. F ro m  DAH 6  o n w ard s , th e  LSI v a lu es  of 
th e  fo rm a lin  tre a tm e n t  w ere  g e n e ra lly  h ig h e r  th a n  
fo r th e  o th e r  t r e a tm e n ts  (no t a lw ay s significant). On 
DAH 15 a n d  18, t h e  a n tib io tic  tre a tm e n t  re su lte d  in  
lo w er LSI v a lu e s  (P <  0.01).
Experim ent 8
Table 10 p re se n ts  th e  su rv iv a l a t  th e  Z2, Z3 a n d  Z4 
sta g es o f la rv a e  t h a t  w e re  d a ily  ex p o sed  to  different 
levels o f 0 3. O n  DAH 3 (Z2 stage), su rv iv a l in  th e  con ­
tro l a n d  th e  t r e a tm e n t  w i th  0 3 in je c tio n  for 2 m in  
(O zon2) w a s  h ig h e r  (6 7 -7 8 % ) c o m p a re d  w ith  th e  
o th e r  t r e a tm e n ts  (2 4 -4 5 % ). O n  DAH 6 (Z3 stage),
th e  su rv iv a l o f  tre a tm e n t  O zon2  b e c a m e  th e  h ig h e s t 
(52%); how ev er, th is  w as n o t  s ta tis tic a lly  d ifferen t 
from  th e  c o n tro l  (25%). O n  DAH9, th e r e  w ere  n o  sig­
n if ic a n t d iffe ren ces in  su rv iv a l in  a ll t re a tm e n ts .
D iscussion
R earing system
R ecirculation
W ater r e c irc u la tio n  th ro u g h  a  b io filter in  th e  Clear- 
R ecirc  sy s te m  positively  affected  la rv a l p e rfo rm a n c e  
c o m p a re d  w i th  m a n u a l  p a r t ia l  w a te r  re p la c e m e n t in  
th e  C lear-B atch  sy s te m  (ex p e rim en t 1). T h e  a d v a n ­
ta g e s  o f  r e c irc u la tin g  sys tem s in  co m m erc ia l fish 
a n d  c r u s ta c e a n  la rv a l p ro d u c tio n  have been  proven  
before fo r o th e r  species. R e sea rch  in to  re c irc u la tin g
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T able  8  Experiment 6: survival rates and larval stage index (LSI) values of Scylla paramamosain larvae-fed three different 
instar-1 Artemia densities (Artemia mL ^ 1) from 6 days after hatch
T reatm ent
Days after hatch
9 12 15
Survival rate (%)*
10 26 ±  10a 12 ±  5a 8 ±  3“
15 30 ±  6a 13 ±  7a 10 ±  6a
20 32 ±  8a 19 ±  9a 18 ±  9a
LSI*
10 3.1 ±  0.2° 3.7 ±  0.4a 4.3 ±  0.5a
15 3.1 ±  0.1a 3.7 ±  0.2a 4.3 ±  0.5a
20 3.2 ±  0.1a 3.8 ±  0.3a 4.6 ±  0.3a
* Survival rates or LSI values in the same column followed by the same superscript letter are not statistically different (P >  0.05).
T ab le  9  Experim ent 7: survival rates and larval stage index (LSI) values of Scylla paramamosain larvae treated daily w ith 
prophylactic chemicals
Days a fte r  hatch
T reatm ent 3 6 9 12 15 18 22
Survival ra tes (%)*
Control 85 ±  3a 64 ±  1° 48 ±  8b 3 4 +  13b 28 ±  11b 17 ±  7b 9 ±  5b
Formalin 84 ±  7a 66 ±  8b 47 ±  7b 34 ±  12b 26 ±  8b 13 ±  10b 11 ±  8ab
Antibiotics 91 ±  4a 80 ±  2a 74 ±  4a 66 ±  8a 52 ±  6a 34 ±  3a 21 ±  5a
LSI*
Control 1.8 ±  0.1° 2 .6 ±  0.3a 3.4 ±  0.2ab 4.5 ±  0.3a 5.1 ±  0.1a 5.5 ±  0.1b 5.8 ±  0.2a
Formalin 1.8 ±  0.1a 2 .8 ±  0.1a 3,7 ±  0.1a 4.3 ±  0.3a 5.1 ±  0.1a 5.8 ±  0.1a 6.0 ±  0.1a
Antibiotics 1.9 ±  0.0a 2 .7 ±  0.2a 3.3 ±  0.2b 4.3 ±  0.1a 4.9 ±  0.1b 5.3 ±  0.2b 5.6 ±  0.2a
"■Survival rates or LSI values in the same column followed by the same superscript letter arc not statistically different (P >  0.05).
T ab le  10 Experim ent 8: survival rates of Scylla paramamosain larvae treated daily by ozone for different durations of time 
(min)
T reatm ent DAH 3 (Z2) DAH 6 (Z3) DAH 9 (Z4)
Control 78 ±  6a 25 ±  9ab 9 ±  6a
Ozon2 67 ±  6ab 52 ±  14a 11 ±  10a
O zon4 40 ±  17abc 33 ±  11ab 5 ±  2a
O zon6 45 ±  25abc 27 ±  15ab 5 ±  5a
Ozon8 31 ±  2bc 19 ±  3b 0 ±  0a
O zonlO 24 ±  15c 12 ±  9b 0 ±  1a
Survival rates in the same column followed by the same superscript letter are not statistically different (P >  0.05).
DAH, days after hatch; Z, zoea; Control, without ozonation; Ozon2,4, 6,8 and 10, duration of ozone injection from 2 to 10 min, which is 
equivalent to 0.06,0.12, 0.15, 0.17 and 0.19 mg L " 1 of the residual ozone respectively.
sy s tem s h a s  a lso  b e e n  iden tified  as a  p rio rity  for 
sh r im p  c u l tu r e  (L aw ren ce  & Lee 1997). In  th e se  sy s­
tem s, w a te r  e x c h a n g e  is m in im iz ed  th ro u g h  th e  u se  
o f b io log ical, c h e m ic a l  a n d /o r  m e c h a n ic a l f iltra tio n  
to  m a in ta in  g o o d  w a te r  q u a lity  con tin u o u sly . A s th ey  
p ro v id e  le ss  s tre s s  a n d  co n fe r  c o n s ta n t  good w a te r  
q u a lity  to  th e  la rv ae , th e s e  sy s tem s a re  able to  m a in ­
ta in  a  h ig h  b io log ical c a r ry in g  c a p a c ity  in  relatively  
little  sp a c e  (Q uillere, M arie, R oux, G osse & M orot- 
g a u d ry  1993; T w arow ska, W e s te rm a n  & L osordo 
1997). F or c ra b  la rv icu ltu re , re c irc u la tin g  system s 
a lso  a p p e a r  to  w a rra n t  f u r th e r  in v es tig a tio n  in  o rd er 
to  d e c re a se  la b o u r  req u irem en ts  a n d  s e a w a te r  co n ­
su m p tio n , p ro v id in g  a m o re  s ta b le  c u ltu re  m e d iu m
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a n d  th u s  re d u c in g  la rv a l stress. If th e  sy s te m  design  
is k ep t sim ple, re c irc u la tin g  sy s tem s c o u ld  a lso  be su i­
ta b le  fo r  la rg e -sca le  p ro d u c tio n .
Role o f  supplem ented  micro-algae
T h e  a d d itio n  o f  m ic ro -a lg a e  to  th e  r e c irc u la tio n  
sy s te m s  re su lte d  in  b o th  h ig h e r  su rv iv a l  a n d  faster 
d ev e lo p m e n t in  th is study. M ic ro -a lg ae  h a v e  been  
p ro v e n  to b e  beneficial by v a r io u s  m o d es o f  ac tion . 
T h e y  co u ld  h e lp  m a in ta in  th e  q u a lity  o f  live food. As 
in  th e  c u l tu r e  o f m a rin e  fish  la rv ae , u n c o n s u m e d  
ro tife rs  m ay  reside  in  th e  ta n k s  fo r se v e ra l d ay s and  
th e ir  n u tr i t io n a l  v a lu e  m a y  b eco m e  se v ere ly  red u ced  
(M ak rid is  & O lsen  1999). F u rth e rm o re , a c c o rd in g  to 
th e s e  a u th o rs , p o o rly  fed ro tife rs  w ere  m o re  sensitive  
to  s ta rv a tio n  t h a n  w ell-fed ro tifers, as th e i r  n itro g e n  
c o n te n t  d e c re a se d  a t  a  h ig h e r  rate .
M ic ro -a lg a e  a lso  play a n  im p o rta n t  ro le  in  s tab iliz ­
in g  w a te r  q u a lity  v ia  e ith e r  a m m o n ia  u p ta k e  o r  oxy­
g e n  p ro d u c tio n  (Tseng, H u a n g  & Liao 1991). B ecau se  
th e  C lear-R ecirc  system  a lre a d y  p ro v id ed  o p tim a l 
w a te r  q uality , i t  is u n lik e ly  t h a t  th e  s ta b iliz in g  effect 
o n  w a te r  q u a lity  is resp o n sib le  fo r  t h e  im p ro v e d  per­
fo rm a n c e  in  th e  a lg a e -su p p le m e n te d  sy s tem . In  
b a tc h  c u l tu r e  system s, th is  effect w o u ld  p ro b a b ly  be 
m u c h  m o re  p ro n o u n ced . A  d ire c t c o m p a riso n  
b e tw e e n  a  g re e n  a n d  c le a r  w a te r  b a tc h  sy s te m  was, 
h ow ev er, n o t  m a d e  in  th is  study.
In  a  s tu d y  o n  th e  effect o f  Chlorella o n  th e  p o p u la ­
t io n  o f  lu m in o u s  b a c te ria  Vibrio harveyi, n o  lu m in o u s  
b a c te r ia  w ere  reco v ered  o n  days 2  a n d  3 in  flasks 
w ith  Chlorella, w h ile  th o se  w ith o u t th e  m ic ro -a lg a e  
still h a rb o u re d  lu m in o u s  b a c te ria  a t  d ay  3 (Tendencia 
& d e la  P e n a  2003). Also, th e  d ia to m  Chaetoceros h a s  
b e e n  s h o w n  to  p ro d u ce  n a tu r a l  an tib io tic s  a n d  h ig h  
c o n c e n tra tio n s  o f  th is  m a r in e  d ia to m  w ill e lim in a te  
Vibrio vulnificus  a n d  o th e r  p a th o g en ic  b ac te ria , w h ic h  
c o n tr ib u te  to  th e  p ro p ag a tio n  o f  v iru ses  in  t h e  sh rim p  
p ro d u c tio n  e n v iro n m e n t (W ang 2003).
I n  c o n c lu s io n , m ic ro -a lg ae  in  m u d  c ra b  la rv a l  r e a r ­
in g  m a y  p lay  a  ro le  in  im p ro v in g  a n d  m a in ta in in g  live 
food  q u a li ty  a n d  c o n tro llin g  b a c te r ia  levels.
Choice o f  sy s tem
I n  e x p e r im e n t 3. th e  G reen-R ecirc  sy s te m  (w h ic h  is a 
c o m b in a tio n  o f  a  G reen -B atch  sy s te m  d u r in g  th e  ro ­
tife r  fe e d in g  s ta g e  a n d  a  A lgae-R ec irc  s y s te m  th e r e ­
a fte r) se e m e d  to  be b e tte r  t h a n  th e  G reen -B a tch  
sy s tem . T h e  G reen -B atch  sy s tem  se e m s to  b e  m o re  
a p p ro p ria te  for e a rly  s ta g es o f  c ra b  la rv a e  (Z 1-Z 2) as 
it  is  le ss  s tre s s fu l fo r th e  e a r ly  zo eae  a n d  e a s ie r  to  g ra ­
d u a lly  fill u p  th e  ta n k s  w ith  f r e s h  se aw ate r, a lg a e  a n d  
ro tife rs  t h a n  f lu sh in g  o u t old r o t i f e r s  in  th e  r e c irc u la ­
tio n  system . In  th e  r e c irc u la tin g  system , th e  y o u n g  
la rv a e  m ay  be p ro n e  to  p h y s ic a l  d a m a g e  a n d  m ay  
sp e n d  c o n s id erab le  e n e rg y  t r y in g  to  sw im  u p  a g a in s t  
th e  c u r re n t. E arly  crab  la rv a e  a r e  d e lica te  d u e  to  th e i r  
sm a ll size a n d  th e  th re e  long  s p in e s  o n  th e  c a ra p a c e  
th a t  a re  eas ily  d am ag ed  iv h e n  t h e y  a re  e n tra p p e d  o n  
th e  m e s h  sc re e n  d u r in g  f lu sh in g  o u t  o f  u n e a te n  feed  
in  th e  re c irc u la tio n  sy s tem  (D av is  2003). T h e  n u t r i ­
tio n a l effect of m ic ro -a lg ae  is p ro b a b ly  a lso  m o re  p ro ­
n o u n c e d  d u r in g  th e  ro tife r  f e e d in g  s ta g e  t h a n  d u r in g  
th e  A rtem ia  feed ing  stage. F u r th e rm o re , it  is n o t  n e ­
c e s sa ry  to  rec irc u la te  w a te r  d u r in g  th e se  firs t days, 
a s  th e  c o n c e n tra tio n s  o f  a m m o n ia  a n d  n i t r i te  a re  s till 
low. U sing th e  A lgae-R ecirc  s y s te m  in  la te r  s ta g e s  is 
m o re  favourab le  fo r re d u c in g  th e  in c re a s in g  a m m o ­
n ia  a n d  n itr i te  c o n c e n tra tio n s  a s  m o r e  w a s te  m a te r i­
a l is p ro d u ced  by th e  c rab  la rv a e . M oreover, a s  th e  
la rv a e  develop in to  m o re  effic ien t p re d a to rs , feed  is 
c o n su m e d  faster, a n d  m a in te n a n c e  o f o p tim a l feed  
q u a lity  is less o f a n  issue. M an y  s tu d ie s  su c c e ss fu lly  
app lied  a  s im ila r  co m b in ed  r e a r in g  te c h n iq u e  d u e  to  
its  b en efit for th e  la rv ae  a n d  c o n v e n ie n c e  fo r m a n ­
ag em en t. p a r tic u la r ly  fo r la rg e  r e a r in g  c o n ta in e rs . 
U nder g re e n -w a te r  c u l tu r e  c o n d itio n s , w a te r  is n o t  
e x c h a n g e d  fo r th e  first 3 days. T h e re a fte r , w a te r  ex­
c h a n g e  is slow ly  in c re a se d  fro m  1 0 -2 0 %  d ay  “ 1 for 
Z 2 -Z 3  to  b e tw e e n  4 0 %  a n d  50%  d a y  ~ 1 a t  th e  e n d  of 
th e  r e a r in g  cycle (Z 4-M ) (M an n , A sa k a w a  & P izzu to  
1999; Q uin itio . P arado -E stepa , M illam en a . R o d rig u ez  
& B o rlo n g an  2001). In  Ja p an , a  m e so c o sm  sy s te m  is 
u se d  for c u ltu r in g  la rv a e  in  la rg e r  ta n k s  ( >  10 m 3). 
T h e  ta n k s  a re  p a r tia lly  filled w ith  g re e n  w a te r  a t  Z1 
(2 0 -2 5 %  volum e), ta n k s  a re  th e n  filled  u p  w ith  c le a n  
s e a w a te r  d u r in g  th e  c o u rse  o f th e  Z 2 -Z 3  s ta g e s  a n d  
d u r in g  th e  Z4 a n d  M  s ta g es w a te r  is e x c h a n g e d  o n  a 
flow -to-w aste basis (H am asak i, S u p ra y u d i & T ak eu ch i
2002).
Other rearing techn iques
ZI stocking density
No sig n if ican t effect o f la rv a l d e n s ity  w as o b se rv ed  
from  50 to  2 0 0  Z 1 L - 1 . T h is  w o u ld  su g g e st t h a t  th e  
la rv a e  c a n  be g ro w n  a t  2 0 0  Z l L ~ \  V aria tio n  in  th e  
final su rv iv a l b e tw e e n  rep lica te  ta n k s  a lso  se e m e d  to  
d ec re a se  a t  h ig h e r  densities . For S. param am osain , 
D ju n a id ah , M ardjono, W ille. K o n ta ra  a n d  Sorgeloos 
(2001) fo u n d  a te n d e n c y  of in c re a se d  su rv iv a l to  Z5 
a s  a  fu n c tio n  o f th e  Z l s to c k in g  d e n s ity  (i.e. su rv iv a l
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ra te s  o f 27% , 39%  a n d  63%  b e in g  o b ta in ed  a t  d en si­
ties  o f 50 ,75  a n d  100 Z l L “ 1 respectively). B ay lon  a n d  
F a ilam an  (1999) a lso  re p o rte d  h ig h e r  su rv iv a l a n d  
m e ta m o rp h o s is  o f Scylla  serrata  a t  5 0 Z 1 L - 1  co m ­
p a re d  w ith  lo w e r  d en s itie s  o f  10 a n d  25 Z l L ~ x. In ­
c re a se d  su rv iv a l a t h ig h e r  la rv a l  densities  so m e h o w  
se em s co n trad ic to ry . H ow ever, ind irectly , food ra t io n  
m ig h t be responsib le . E xcess food in  tre a tm e n ts  w ith  
low  la rv a l d en s itie s  m ay  p o llu te  th e  w a te r  a n d  m ay  
th u s  c a u se  m orta lity . In  o u r  study, w e n o te d  h ig h e r  
c o n c e n tra tio n s  o f a m m o n ia  a n d  n itr i te  in  th e  t re a t­
m e n t h a v in g  5 0 Z 1 L - 1  (seeT able 2). For th e  h ig h e s t 
s to c k in g  d en s itie s  te s te d  in  o u r  s tu d y  (200  Z l L ~ x), 
th e  la rv a l d ev e lo p m en t ra te  se em ed  sligh tly  im paired . 
T h is  h ig h  s to c k in g  d e n s ity  m ay  h av e  cau sed  c o m p e ti­
t io n  fo r feed, re su lt in g  in  s lo w e r developm ent. T h e re ­
fore, Z l  s to c k in g  d e n s itie s  in  th e  ra n g e  of 
1 0 0 -1 5 0  Z l L “ 1 m ig h t b e  op tim al.
R otifer den sity  fo r  feed ing  early larval stages (Z1 -Z 2  
stages)
A lth o u g h  th e r e  w as a  tre n d  to w a rd s  in c re a se d  su rv i­
v a l a n d  g ro w th  w ith  in c re a s in g  ro tife r  density , n o  sig­
n if ic a n t d ifferences in  la rv a l su rv iv a l o r  g ro w th  w ere  
fo u n d  b e tw e e n  th e  d ifferen t ro tife r  d en s ities  tested . 
A lth o u g h  n o t sign ifican t, th e  h ig h e s t su rv iv a l w as 
g e n e ra lly  o b se rv ed  a t 45  ro tife rs  m L -  \  w h ile  a  d en ­
s ity  o f  6 0  ro tife rs  m L ~ 1 re su lte d  in  th e  fa s te s t la rv a l 
deve lo p m en t. T h e  d ifferences w ere, how ever, n o t  v ery  
m ark ed , a n d  m o reo v e r s u c h  h ig h  feed ing  ra te s  m ig h t 
be  eco n o m ica lly  u n re a lis tic . W e c a n  th e re fo re  co n ­
c lu d e  th a t  feed in g  30  ro tife rs  m L  - 1 is e n o u g h  fo r o p ­
t im a l  la rv a l p e rfo rm an ce . In  p rac tice , how ever, th e  
in te rm e d ia te  d e n s ity  o f  45  ro tife rs  m L _ 1 w a s  fre ­
q u e n tly  u se d  fo r  feed in g  e a rly  la rv a l stages. O th e r  
s tu d ie s  in d ic a te d  th a t  h ig h  ro tife r d en s ities  
(3 0 -8 0  m L -x ) a r e  r e q u ire d  fo r o p tim al g ro w th  an d  
su rv iv a l o f S. param am osain  (D ju n a id ah , M ardjono, 
L avens & W ille 1998; Z en g  & Li 1999) a n d  S. serrata  
(Suprayud i, T ak eu ch i, H a m a s a k i & H iro k aw a 2002). 
F or S. param am osain  la rv ae , feed ing  30  an d  
6 0  ro tife rs  m L  ~ 1 re su lte d  in  a  sig n ifican tly  h ig h e r  
su rv iv a l  c o m p a re d  w ith  feeding  on ly  
15 ro tife rs  m L  “ 1 (D ju n a id a h  et al. 2001). T hese  
a u th o r s  fo u n d  th a t  th e  in d iv id u a l d ry  w e ig h t o f  Z5- 
fed  15 ro tife rs  m L  ~ 1 w a s  s ig n ifican tly  lo w er th a n  
th o se  o f Z5 fed w ith  h ig h e r  ro tife r  densities . P ra c ti­
cally , feed in g  30  ro tife rs  m L  " 1 a t  Z l a n d  in c re a s in g  
g ra d u a lly  to  4 5  m L  " 1 a t  Z2 proved  to  be suffic ien t 
fo r  a  s to c k in g  d e n s ity  o f  100  Z l L ~ 1 in  o u r  tr ia ls  in  la r ­
g e r  r e a r in g  ta n k s  (5 0 0 -1 0 0 0  L). In c re a s in g  th e  ra­
tio n  by  la rv a l s ta g e s  in  th is  w a y  c o m p e n sa te s  fo r 
th e  in c re a se d  in g e s t io n  o f  c rab  la rv a e  a s  th e y  g ro w  
(Baylon, B ravo & M an ig o  2004). For e a rly  larvae , 
how ever, food a m o u n t  c a n n o t  be  re d u c e d  to  th e ir  
m a x im u m  in g e s tio n  p o te n tia l as th e y  a re  q u ite  ineffi­
c ie n t p re d a to rs  a n d  th e re fo re  m ig h t re q u ire  a  m in i­
m a l d e n s ity  to  m a x im iz e  e n c o u n te r .
S im ila r to  o u r  s t u d y  m o st s tu d ie s  in v e s tig a tin g  th e  
effect o f  ro tife r  d e n s i ty  ad d ed  th e  live food in  o n e  s in ­
gle  ra tio n . U n d er t h e s e  c irc u m sta n c e s , th e o re tic  d en ­
sities a re  o n ly  a t ta in e d  u p o n  feed in g  a n d  g ra d u a lly  
d ec re a se  as la rv a e  c o n s u m e  th e  prey. O p tim a l live 
food q u a n titie s  c a n n o t ,  how ever, be s e p a ra te d  from  
feed in g  frequency. B e c a u se  z o ea  la rv a e  c a n  c o n su m e  
th e i r  o p tim a l r a t io n  w ith in  l h ,  G enodepa , S o u th g a te  
a n d  Z eng (2004) su g g e s te d  th a t  th e y  c a n  be fed on ce  
a  day. B e cau se  o f  t h e  sev ere  re d u c tio n  in  th e  n u tr i ­
tio n a l v a lu e  o f ro tife rs  w ith  lo n g e r  r e te n tio n  tim e s  in  
r e a r in g  c o n ta in e rs  (M ak rid is  & O lsen  1999) a n d  th e  
fa c t th e re  is a  m in im u m  p rey  d e n s ity  n e e d e d  fo r th e  
passive feed in g  b e h a v io u r  o f zo ea  la rv a e  (H e a sm a n  & 
F ie lder 1983; Z en g  & Li 1999), th e  in te ra c tio n  b e tw e e n  
th e  o p tim a l ra tio n  a n d  feed in g  freq u e n cy  sh o u ld  be 
fu r th e r  investiga ted .
A rtem ia  fo r  feed ing  la te r  larva l stages (from Z  3  
onwards)
We fo u n d  n o  d iffe ren ce  b e tw e e n  feed in g  Z3 a  d a ily  
feed  r a t io n  o f  10, 15 o r  2 0  A rtem ia  n au p lii  m L - 1 . 
E specia lly  in  la te r  la rv a l  s ta g e s  (Z4-Z5), th e re  w as, 
how ever, a  te n d e n c y  to w a rd s  h ig h e r  su rv iv a l w ith  
in c re a s in g  ra tio n . In  th is  re sp ec t, it  m ig h t be benefi­
c ia l to  in c re a se  th e  A rtem ia  d e n s ity  by  c rab  s ta g e  from  
10 to  15 m L -1 . H ig h  live feed  d en s itie s  w o u ld  in ­
c re a se  th e  c h a n c e  fo r e a r ly  la rv a e  to  e n c o u n te r  a n d  
c a p tu re  feed  o rg a n ism s  (Zeng & Li 1999) a n d  th e r e ­
fore w o u ld  im prove th e  la rv a l p e rfo rm a n c e  (Brick 
1974; H e a sm a n  & F ie lder 1983; Q u in itio  et al. 2001). 
O n th e  o th e r  h a n d , o ld e r  la rv a l hav e  a  h ig h e r  in g e s ­
tio n  capacity . O p tim al ra tio n s  s h o u ld  th e re fo re  b e  d e­
te rm in e d  fo r  e a c h  la rv a l  s ta g e  separa te ly . I n  th is  
re sp ec t, s tu d ie s  o n  in d iv id u a l la rv a e  a re  v e ry  u se fu l 
to d e te rm in e  p rey  c o n su m p tio n . A ccord ing  to  o u r  
p rev io u s  ex p e r im e n ts  (N gh ia  2004), e a c h  Z3, Z4, Z5 
a n d  m e g a lo p a  la rv a  w a s  capab le  o f  c o n s u m in g  o n  
average  15. 25, 37 a n d  114 n e w ly  h a tc h e d  
A rtem ia  d ay  - 1 respectively. T herefo re , a t  a  s to c k in g  
o f  100 la rv a e  L -  \  th e  d a ily  A rtem ia  feed ing  d en s ities  
th e o re tic a lly  sh o u ld  be a t  le a s t 1.5, 2.5, 3.7 a n d  
11.4 m L  ~ 1 for Z3, Z4, Z5 a n d  m e g a lo p a  s ta g es r e sp e c ­
tively. For Z l, Z2 a n d  Z3 s ta g es o f  S. serrata, th e
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n u m b e r  o f  A rtem ia  n a u p lii  in g e s te d  by  th e  la rv a e  a t  a  
lo w er food d e n s ity  o f  2.5 m l - 1  w a s  co m p arab le  to 
th a t  a t 5 m L - 1 , a n d  fo r  Z 4 -Z 5 , a t  5 m L - 1 , it  w as 
co m p arab le  to  10 m L - 1  (B aylon et al. 2004). In  th a t  
study, A rtem ia  w as, how ev er, co -fed  w ith  ro tifers a t  a 
d en s ity  o f  1 5 -2 0  m L ~  \  I f  A rtem ia  w a s  th e  o n ly  food, 
th e  o p tim a l A rtem ia  r a t io n  w o u ld  th e re fo re  p robably  
be h ig h e r  t h a n  2 .5 -5  m L - 1 . In  a n o th e r  s tu d y  on  S. 
serrata, a  d a ily  o p tim u m  food c o n c e n tra tio n  o f  10 Ar­
tem ia  n au p lii  m L  " 1 w a s  e s tab lish ed  fo r zoea  su rv ival 
(Brick 1974). I n  th e  m a s s  se e d  p ro d u c tio n  o f S. serrata, 
n e w ly  h a tc h e d  A rtem ia  a re  g iv e n  s ta r t in g  la te  Z2 a t 
0 .5 -3  m L - 1 a n d  5 -7 -d a y -o ld  A rtem ia  a re  ro u tin e  fed 
from  la te  Z5 to  e a r ly  m e g a lo p a  (Q u in itio  & P arad o - 
E stapa  2003). O lder A rtem ia  p ro v id ed  a  la rger-sized  
p rey  fo r  zoeae  to  m e g a lo p a e  a n d  hence , th e  d en s ity  
w as reduced .
For m eg a lo p a e  o f  S. param am osain , w e fo u n d  a 
th ree fo ld  h ig h e r  n u m b e r  o f in g e s te d  n ew ly  h a tch ed  
A rtem ia  n au p lii  c o m p a re d  w ith  Z5 (114 a n d  37 
A rtem ia  respectively ) fo r a  s im ila r  p rey  d ensity  
(N ghia 2004). T h is  m e a n s  t h a t  m eg a lo p ae  a re  vora­
c io u s p re d a to rs , c ap ab le  o f  c h a s in g  th e ir  p rey  actively 
an d  c o n su m e  la rg e  a m o u n ts  o f  feed  in  a  s h o r t  tim e. 
F rom  th is , it  c o u ld  be b en e fic ia l if  m eg a lo p ae  a re  fed 
freq u e n tly  sm a lle r  ra tio n s  in  o rd e r  to  o p tim ize  feed 
q u a lity  a n d  re d u c e  c a n n ib a lis m . G en o d ep a  et al 
(2004) s im ila rly  in d ic a te d  th a t  in  c o n tra s t  to  ea rlie r  
la rv a l s tages, w h ic h  c a n  b e  fed  o n c e  p e r  day, S. serrata  
m eg a lo p ae  m ay  n e e d  to  b e  fed m o re  o ften  to  m axi­
m ize  in g es tio n . T h e se  a u th o r s  fo u n d  n o  sig n ifican t 
d ifferences in  t h e  in g e s tio n  ra te  o f  m eg a lo p ae  fed m i­
c ro b o u n d  d ie ts  a t  ra tio n s  r a n g in g  from  12.5% to 
100%  o f  th e  s ta n d a rd  r a t io n  (eq u iv a len t to  5 A rtem ia  
n au p lii m L  “ 1 in  1 h). B a y lo n  et al (2004) a lso  fo u n d  a 
h ig h  in c re a se  in  A rtem ia  in g e s tio n  in  th e  first few 
days o f th e  p la n k to n ic  p h a s e  o f  th e  m eg a lo p a  stage. 
L ater on , m e g a lo p a e  b e c o m e  m o re  b e n th ic  as th ey  
p rep a re  fo r th e  se c o n d  m e ta m o rp h o s is  to  first crab. 
S w im m in g  A rtem ia  a re  n o  lo n g e r  accessib le, an d  
m in ced  s h r im p  o r  m u ss e l m e a t  a re  a  m o re  su itab le  
feed.
In  co n c lu s io n , a  r a t io n  o f  10 A rtem ia  n au p lii  m L “ 1 
ap p e a rs  to  b e  su ffic ien t fo r  t h e  o p tim a l p e rfo rm a n c e  
o f  Z3 la rv ae . A n  in c re a se  in  p re y  d e n s ity  in  th e  Z 4 -Z  5 
stag e  may, how ever, b e  benefic ia l. T h ese  food 
a m o u n ts  a p p e a r  to  b e  h ig h e r  t h a n  w h a t  m o s t o th e r  
s tu d ie s  re c o m m e n d  (2 .5 -1 0  A rtem ia  n au p lii  m L  -  
B rick 1974; B aylon  e t al. 2 0 0 4 ). P e rh a p s  th e  re c irc u la t­
in g  sy s tem  u se d  in  th is  s tu d y  re su lte d  in  a  g re a te r  loss 
o f  p rey  o rg a n ism s  (e.g. m o re  A rte m ia  w e re  e n trap p ed  
o n  th e  o verflow  sc ree n ) t h a n  i n  th e  sm a ll b a tc h
c u l tu re  sy s te m s u se d  in  o th e r  e x p e r im e n ts . T h e  sm a ll 
n au p lii s ize  o f  th e  A rtem ia  s t r a i n  (V inh C h a u  s tra in )  
u se d  in  o u r  s tu d y  co u ld  b e  a n o t h e r  r e a so n  th a t  led 
to  in c re a se d  in g e s tio n . In  p r a c t ic e , ( la rg e r  sized) 
h ig h ly  u n s a tu ra te d  fa tty  a c id -e n r ic h e d  A rtem ia  w e re  
n o rm a lly  u se d  in  o rd e r  to  re d u c e  th e  p rey  a m o u n t  to 
5 -1 0  m L -  \  M egalopa  p ro b ab ly  sh o u ld  be  fed m o re  
f re q u e n tly  a n d , to w a rd s  th e  e n d  o f  th a t  deve lo p m en ­
ta l  s tage , a  n o n -m o v in g  food m a y  b e  better.
P rophylactic chem icals
L a b o ra to ry  c u l tu r e s  o f  c rab  la rv a e  o f te n  su ffe r severe 
m o r ta lity  f ro m  d isease , p a r t ic u la r ly  from  epib io tic  
b a c te r ia  a n d  la rv a l  m ycosis (A rm s tro n g , B u c h a n a n  
& C aldw ell 1976; H a m a sa k i & H a ta i  1993a, b). A  s tu d y  
o n  S. serrata  in d ic a te d  a  s ig n if ic a n tly  h ig h e r  su rv iv a l 
u p  to  DAH 7 (over 90% ) w h e n  u s in g  O xytetracycline, 
w h e re a s  a lm o s t c o m p le te  m o r ta l i ty  o c c u rre d  in  th e  
c o n tro l t r e a tm e n t  (M a n n  2001). T h e  a u th o r  co n s id ­
e re d  th a t  p o te n tia l ly  u p  to  80%  of t h e  la rv a l m o rta lity  
c o u ld  be  a t tr ib u te d  to  b a c te r io lo g ic a l cau ses. T h e  r e ­
su lts  o f o u r  s tu d y  a lso  in d ic a te d  t h a t  b a c te r ia  are, 
m o re  t h a n  a n y  o th e r  fa c to r  tes ted , a  m a in  c a u s e  o f 
la rv a l m o rta lity . A n tib io tics  m o re  t h a n  d o u b led  s u r ­
v ival u p  to  th e  c ra b  stage.
H ow ever, an tib io tic s  hav e  n o t  a lw ay s  b e e n  u se d  in  
a  re sp o n s ib le  m a n n e r  in  a q u a c u ltu re . A m a jo r c o n se ­
q u e n c e  o f  u s in g  a n tib io tic s  h a s  b e e n  th e  p ro life ra tio n  
o f  re s is ta n t  b a c te r ia  a n d  th e  t r a n s m is s io n  o f  re s is ­
ta n c e  to o th e r  b a c te r ia l  species (B en so n  1998). T h e  
d ev e lo p m en t o f  a n tib io tic  re s is ta n c e  by  p a th o g e n ic  
b a c te r ia  is c o n s id e re d  to  b e  o n e  o f t h e  m o s t se rio u s  
risk s to  h u m a n  h e a l th  a t  th e  g lobal level (FAO 2002). 
F o rm a lin  is m o re  a c c e p ta b le  th a n  an tib io tic s  as it 
sh o w s n o  a c c u m u la tio n  in  a n im a l tis su e s  (Jung, 
Kim, Jeo n  & Lee 2001). R ecently , how ever, Ja p a n  h as  
s tr ic tly  b a n n e d  th e  u se  o f  fo rm a lin  in  a q u a c u l tu r e  as 
it  m ay  c a u s e  c a n c e r  in  h u m a n s , r e d u c e s  oxygen  
levels in  t h e  w a te r  a n d  c a u s e s  a lg ae  to  d ie  off (VASEP
2003). M oreover, in  o u r  ex p e rim en ts , fo rm a lin  d id n o t 
s ig n if ican tly  im p ro v e  la rv a l su rv iv a l c o m p a re d  w ith  
th e  n eg a tiv e  co n tro l. P a th o g e n ic  b a c te r ia  a re  co n sid ­
e red  to  be o n e  o f th e  m o s t  s e rio u s  c au ses  fo r  th e  h ig h  
m o rta lity  o f  e a rly  c ra b  la rv ae . I t  c a n  b e  safely  as­
su m e d  th a t  a ll in p u ts  (seaw ater, b roodstock , live feed 
a n d  d a ily  m a n a g e m e n t  in  h a tch e rie s)  in to  th e  cu l­
tu r e  ta n k  a re  p o te n tia l  so u rc e s  o f in fe c tio n  (Black- 
sh a w  2001). S tr ic t  h y g ie n e  a t  a ll s te p s  is alw ays 
a d v ised  fo r  h a tc h e ry  a c tiv itie s . However, th is  adv ice 
is n o t  a lw ay s fo llow ed, especia lly  in  b ack y ard  
h a tch e rie s . T herefo re , o th e r  te c h n iq u e s  sh o u ld  be
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investiga ted  as a lte rn a tiv e s  fo r th e  u s e  o f  ch em ica ls . 
O zonation  a n d  p ro b io tics  co u ld  be in te re s tin g  in  th is  
resp ec t (Davis 2003; N g h ia  2004). O zone is a  p o w er­
fu l ox id an t an d  is b e c o m in g  m o re  a n d  m o re  p o p u la r  
in  v ario u s a q u a c u ltu re  sy s te m s fo r  d is in fe c tio n  a n d  
im p ro v in g  w a te r  q u a lity  by  o x id a tio n  o f in o rg a n ic  
a n d /o r  o rg an ic  c o m p o u n d s  (Tango & G a g n o n  2003). 
I n  o u r  study, d ire c t ap p lic a tio n  d id n o t  s ig n ifican tly  
im prove su rv iv a l c o m p a re d  w ith  a  n eg a tiv e  con tro l. 
However, th e re  w as a  te n d e n c y  of a  re s id u a l 0 3 co n ­
c e n tra tio n  o f 0 .06  m g  L ~ 1 to  im p ro v e  la rv a l p e rfo r­
m an ce . V ariability  w ith in  th is  t r e a tm e n t  w as, 
how ever, v e ry  h ig h , w h ic h  co u ld  be in d ica tiv e  o f  th e  
fac t th a t  do sin g  w a s  n o t  c a re fu l e n o u g h . L o n g er O3 
ex p o su re  tim es (4 -1 0 -m in  ex p o su re , e q u iv a le n t to 
0 .12-0 .19  m g  L _1 re s id u a l 0 3) a ll d e c re a se d  overall 
su rv ival. T h ese  h ig h  0 3 c o n c e n tra t io n s  p ro b ab ly  
cau se d  p hysica l d a m a g e  to  th e  c rab  la rv ae . In  Penaeus 
m onodon  juven iles, 0 .3 4 -0 .5  m g  L _1 re s id u a l 0 3 
c a u se d  loss o f b a lan ce , im m o b ility  a n d  d e s tru c tio n  
o f  th e  gili la m e lla r  e p ith e liu m  (M eunpo l, L opinyosiri 
& M enasveta  2003). O zone tre a tm e n t  sh o u ld  th e r e ­
fore be in v estig a ted  fu rth e r , w i th  d e te rm in a tio n  of 
p ro p e r d oses fo r e a c h  la rv a l stage . U ltim ately, th e  m i­
c rob ia l flora w ill n e e d  to b e  co n tro lle d  a n d  th e re  is 
ev idence  th a t  th is  c a n  b e  ach iev ed  u s in g  re c irc u la t­
in g  system s in  w h ic h  0 3 t r e a tm e n t is co m b in ed  w ith  
th e  in o c u la tio n  o f th e  b io log ica l filte r w ith  se lec ted  
n itrify in g  a n d  p ro b io tic  b a c te r ia  (G a teso u p e  1991; 
R om bau t, S u an tik a , B oon, M a e rte n s , D hert.T op, S or­
geloos & V erstrae te  2001).
C onclusions an d  su g g es tio n s
T h e  co m b in a tio n  o f  a  g re e n -w a te r  b a tc h  sy s tem  for 
e a rly  stages a n d  a  r e c irc u la tin g  sy s te m  w ith  m ic ro ­
a lg a e  su p p le m e n ta tio n  fo r  la te r  s tages, a  s to c k in g  
d e n s ity  o f 1 0 0 -1 5 0  Z 1 L - 1 , feed in g  d e n s ity  o f  3 0 -  
4 5  ro tife rs  m L _  1 fo r e a rly  s ta g e s  a n d  1 0 -1 5  A rtem ia  
n a u p lii  m L - 1  for la te r  s ta g e s  a re  re c o m m e n d e d  for 
la rv a l re a r in g  o f S. param am osain .
T h e  o p tim a l ra t io n  fo r c ra b  la rv a e  sh o u ld , h ow ever, 
b e  ad ju s te d  d e p e n d in g  o n  v a r io u s  fac to rs , e.g. species, 
la rv a l stages, la rv a l s ta tu s , p re y  size, r e a r in g  sy s tem  
a n d  re a r in g  te c h n iq u e s . A  feed in g  reg im e  w ith  
f re q u e n t ad d itio n  o f sm a ll q u a n ti t ie s  o f feed  is w o r th  
investiga ting .
A n tib io tics im p ro v ed  la rv a l  su rv iv a l, p ro v in g  
a g a in  th a t  b a c te r ia l in te r fe re n c e  is o n e  o f  th e  m a jo r 
c a u s e s  o f m orta lity . F o rm a lin  c o u ld  n o t  s ig n if ican tly  
im p ro v e  su rv iv a l c o m p a re d  w ith  th e  co n tro l. B oth
p ro d u c ts , m o re o v e r, a re  n o t  e n c o u ra g e d  fo r c o m m e r­
c ia l m u d  c rab  la r v ic u l tu r e  as th e y  a re  u n sa fe . D irec t 
o zo n a tio n  a s  a n  a l te rn a t iv e  to  p ro p h y la c tic  c h em ica ls  
is w o rth  in v e s tig a tin g .
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